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Emotional stimuli tend to capture attention and this may lead to an immediate increase in our subjective 
emotional experience, as well as to longer-term enhancing effects on our memory for emotional stimuli. 
In extreme circumstances, increased emotional reactivity to negative stimuli may become symptomatic of 
mental health problems, including depression or anxiety. One Emotion Regulation (ER) strategy (Focused 
Attention, FA) may be particularly suited to counteract these effects, by disrupting the automatic routing 
of attention to emotional components of stimuli. However, this strategy has been studied mainly in the 
context of immediate effects of emotion. The present research investigated both the immediate and long-
term impact of FA as an ER strategy, using behavioral and eye-tracking measures in a two-part study. 
During part one, participants were shown a series of negative and neutral images, manipulated so that 
they had clearly distinguishable foreground (emotional or neutral) and background (always neutral) areas. 
Participants were instructed to look either at the foreground (FG) or background (BG) area of each image, 
while eye-tracking data were recorded, and then rate their emotional experiences. During part two, one 
week later, participants’ memory was assessed for both the FG areas (item memory) and their relation to 
the associated BG areas (relational memory). Eye-tracking results demonstrate that participants were 
successful in engaging in FA, and this was associated with decreased emotional experience in the BG 
Focus compared to FG Focus conditions for emotional images. Item memory results revealed that FA was 
successful in decreasing item memory for images viewed in BG Focus condition, although overall 
participants had increased memory for emotional items, which was driven by recollection-based retrieval. 
Relational memory results showed the opposite pattern, in that it was impaired for emotional images 
viewed in the FG Focus condition, possibly due to enhanced attentional capturing effects of emotion that 
disrupted processing of the associated BG areas.  Interestingly, this effect occurred in the context of 
overall more emotional items being successfully retrieved together with their associated BG contexts. 
Taken together, these results indicate the promise of FA as an effective ER strategy, as well as shed light 
on seemingly discrepant evidence regarding the impact of emotion on different forms of memory.   
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Background and Overview 
 Emotional stimuli tend to capture attention, and hence are typically remembered better 
than their non-emotional counterparts in the long term (Bradley, Greenwald, Petry, & Lang, 
1992; Dolcos & Cabeza, 2002; Dolcos, Katsumi, Denkova, Weymar, & Dolcos, 2017; Dolcos, 
LaBar, & Cabeza, 2004b, 2005). This memory-enhancing effect of emotion can be useful, as it 
likely contributes to the enhanced memory we have for meaningful life events. However, it can 
also be problematic, as repeated exposure to negative stimuli or traumatic events can lead to 
depression, anxiety, and other negative outcomes and clinical conditions (Lupien, McEwen, 
Gunnar, & Heim, 2009; Pohl, Olmstead, Wynne-Edwards, Harkness, & Menard, 2007).   
 One approach to capitalizing on the memory-enhancing effect of emotion, while avoiding 
or ameliorating some of the negative repercussions, is Emotion Regulation (ER). Engaging ER 
may play an important role in maximizing the tradeoff between these beneficial and detrimental 
effects of emotion, by enhancing desired, and minimizing unwanted emotional experiences 
(Gross, 1998). Although investigations of ER on the immediate impact of emotion are relatively 
common, comparatively few studies have investigated how ER may affect memory performance 
(reviewed in Dolcos, Katsumi, Weymar, et al., 2017). Hence, the current project aims to inform 
the understanding of how a particular ER strategy, Focused Attention (FA) affects (1) the 
immediate impact of emotional stimuli and (2) long-term memory for emotional stimuli, as well 
as (3) elucidate the attentional mechanisms involved in these processes using eye-tracking 
recordings. This project has the potential to inform research trajectories designed to maximize 
the benefit of ER in healthy individuals, as well as clinical conditions characterized by 
maladaptive emotion-memory interactions (i.e. anxiety, depression, and post-traumatic stress 
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disorder). This research will also shed light on the hot-button debate in the literature on the 
contradictory findings of the impact of emotion on memory for associations (Dolcos, Katsumi, 
Weymar, et al., 2017), by investigating relational memory. In the following sections, I first 
review relevant ER, memory, and eye-tracking literature, and then introduce the present 
investigation. 
ER Effects on Emotional Experience 
 Although there is an abundance of research on ER linked to immediate effects (i.e., 
subjective emotional experience), many of those studies focused on only two strategies: 
cognitive reappraisal and expressive suppression. These two ER strategies seem to be 
highlighted in the literature as representative of two categories of ER strategies: antecedent-
focused and response-focused (see Figure 1). An antecedent-focused ER strategy, like cognitive 
reappraisal, can be engaged before the peak of an emotional reaction to a stimulus. A response-
focused ER strategy, like expressive suppression, can be engaged only after the peak of an 
emotional response (Gross, 2002; Gross, 1998). 
 
Figure 1. Model of Emotion Regulation. According to this model, there is opportunity for 
emotion regulation at every moment on the timeline of exposure to an emotional stimulus. 
Regulation strategies that can be engaged before emotional experience peaks are considered 
Antecedent-Focused strategies, and strategies that cannot be engaged before an emotional 
response are considered Response-Focused strategies. Adapted from Sheppes and Gross (2011).   
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 Cognitive reappraisal is the reinterpretation of an emotional situation to highlight the 
desired emotional aspects (Gross, 1998). For example, when coping with the loss of a friend to 
cancer, a person might attempt to comfort herself by choosing to believe that her friend is finally 
free from pain. Cognitive reappraisal is effective in both decreasing emotional experience 
resulting from exposure to a negative emotional stimulus, as well as decreasing emotional 
expression (Gross, 2002). Expressive suppression is the act of purposefully modifying affective 
responses (e.g., facial expressions) when feeling strong emotions (Gross, 1998). For example, a 
businessperson may attempt to refrain from laughing when a client stumbles, or a child may 
attempt to refrain from crying when confronted by a bully. The emotional impact of expressive 
suppression is less clear than that of reappraisal. Although experimental manipulations may be 
successful in decreasing the expression of emotion, they do not seem to be successful in 
decreasing subjective emotional experience (Gross, 2002). In fact, relying on suppression has 
been associated with increased anxiety symptoms (Aldao & Nolen-Hoeksema, 2012; Llewellyn, 
Dolcos, Iordan, Rudolph, & Dolcos, 2013). These results are interpreted as evidence that 
antecedent-focused ER strategies in general may be particularly beneficial in coping with strong 
emotion, particularly compared to response-focused ER strategies. 
 Whereas these ER strategies are undoubtedly useful in changing the impact of emotional 
experiences, a less explored but very promising antecedent-focused ER strategy is the focus of 
the current investigation – i.e., FA. This strategy is a subtype of attentional deployment ER, by 
which attention is diverted from one stimulus or component of a stimulus toward another 
stimulus or component (Gross, 2002; Gross 1998; Wadlinger & Isaacowitz, 2001). As a specific 
form of attentional deployment, FA involves deployment (controlled and deliberate, or 
instinctive and automatic) of attention within a stimulus toward an aspect that contains qualities 
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that are more or less emotionally arousing, depending on the regulatory goal of the individual at 
that time. For example, during particularly disturbing scenes of a horror movie, a spectator might 
choose to look away from the most grotesque details, and instead focus their attention on the 
backdrop and set design of the scene. Another attentional deployment sub-category is cognitive 
distraction, whereby attention is diverted away from the emotional stimulus completely, toward 
another, unrelated stimulus. For example, during a particularly disturbing scene in a horror 
movie, the spectator may choose to count backwards from 100 to reduce emotional arousal 
(Wadlinger & Isaacowitz, 2011). 
 Like reappraisal, FA has the advantage of being an “antecedent-focused” ER strategy. 
That is, FA and reappraisal can both be engaged before the peak of the emotional reaction to an 
emotional stimulus, making them particularly advantageous in altering emotional experience 
(Gross 2002; Wadlinger & Isaacowitz, 2001).  However, FA may be especially beneficial, given 
the strong relations among attentional control, anxiety, and emotional adaptability (Derryberry & 
Reed, 2002; Eysenck, Derakshan, Santos, & Calvo, 2007; Mennin, Heimberg, Turk, & Fresco, 
2005; Pessoa, Kastner, & Ungerleider, 2002). Even when compared to other antecedent-focused 
ER strategies, FA is particularly promising as it is relatively efficient, easy to use, and can 
become automatic with training (Wadlinger & Isaacowitz, 2011). In fact, one type of attention-
related ER has become very popular lately as a trainable intervention, particularly for anxiety: 
Mindfulness-Based Stress Reduction (MBSR) training. MBSR is an intervention targeting 
attentional control that has been shown to decrease anxiety and depression symptoms over time 
(Goldin & Gross, 2010) in various populations including students (Shapiro, Schwartz, & Bonner, 
1998) and young children (Van Vliet et al., 2017; Zenner, Herrnleben-Kurz, & Walach, 2014). 
Additionally, FA may be effective at regulating emotional experience, even when it is initiated 
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substantially after the onset of the emotional stimulus (Sheppes & Meiran, 2007). Therefore, in 
addition to the benefit of being an antecedent-focused strategy that can be engaged before the 
peak of emotional experience, FA can also be engaged later in the course of exposure to negative 
stimuli. This makes FA an ER strategy that is well suited to the natural environment, because it 
is not always apparent that ER may be required until after the onset of our emotional reactions. 
ER Effects on Long-term, Item Memory 
 While important progress has been made in understanding the immediate effects of ER 
on emotional experience, comparatively less is known about the long-term effects of ER on 
memory for emotional events. Given the dramatic impact that emotion can have on memory, 
capitalizing on ER may help maximize the tradeoff between the advantages of enhanced memory 
for emotional stimuli, and the various potential disadvantages of emotional memory. For 
example, the memory-enhancing effect of emotion (Cahill & McGaugh, 1998) often inhibits 
memory for less emotional, contextual memory (see Chiu, Dolcos, Gonsalves, & Cohen, 2013; 
Dolcos, Katsumi, Weymar, et al., 2017 for reviews). Additionally, given the maladaptive 
relationship between emotion and attention in various clinical conditions (Lupien et al., 2009; 
Pohl et al., 2007), ER may also be engaged to ameliorate maladaptive impacts of negative 
memories on clinical populations (see Wadlinger & Isaacowitz, 2011 for a review). 
 Similar to the literature on the immediate emotional impact of ER, the existing research 
on ER and memory centers mostly on reappraisal and suppression. Research on the impact of 
reappraisal on memory has demonstrated enhanced recall of emotional stimuli, both when 
engaged to increase emotional experience (Ahn et al., 2015) and when engaged to decrease 
emotional experience (Gross, 2002). Whereas Gross (2002) discussed this finding as an 
advantage in memory, it may also be seen as a disadvantage, as excessive rumination on negative 
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memories is a feature of depression (Clark & Teasdale, 1982; Cooney, Joormann, Eugène, 
Dennis, & Gotlib, 2010). The effect of expressive suppression on memory may be more 
promising, given that participants instructed to engage in expressive suppression showed a 
decrease in emotional memory recall (Dillon, Ritchey, Johnson and Labar, 2007). However, this 
memory reduction may not be entirely advantageous if controlled only by engaging suppression, 
for two reasons: first, suppression may not be effective in decreasing unwanted emotional 
experiences (Gross, 2001), and second, habitual engagement of suppression may in fact increase 
anxiety (Llewellyn et al., 2013). 
 Unlike cognitive reappraisal and expressive suppression, attentional deployment 
strategies may be beneficial in decreasing both subjective emotional experience and subsequent 
memory for emotional stimuli (Wadlinger & Isaacowitz, 2011). Some studies of attentional 
deployment have investigated its subsequent effect on memory, but they are limited in important 
ways. One limitation is that studies of attentional deployment and memory often center on 
cognitive distraction, rather than FA. As mentioned earlier, cognitive distraction engages the use 
of a secondary, concurrent task to divert attention away from the entire emotional stimulus. 
While this has been demonstrated in a laboratory setting to be effective in decreasing emotional 
experience and subsequent memory (Pottage & Schaefer, 2012; Sheppes & Meiran, 2007), the 
requirement of the presence of a secondary task may not always be practical in everyday life. In 
one investigation of distraction and memory, Pottage and Schaefer (2012) showed participants a 
series of emotional and neutral images with or without a concurrent, highly demanding, divided 
attention task. They found that the standard memory-enhancing effect of emotion was attenuated 
in the distraction condition, but performance was still increased compared to memory for neutral 
images. Sheppes and Meiran (2007) investigated reappraisal and cognitive distraction by 
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showing participants a series of emotional film clips with subtitle instructions to either reappraise 
the content or distract themselves by thinking of task-irrelevant, neutral memories. They found 
that distraction but not reappraisal reduced subsequent memory, and that the cognitive costs of 
distraction were relatively low compared to reappraisal. While the results of these studies of 
cognitive distraction seem promising, both rely on instructing participants to complete an 
unrelated distractor task while viewing emotional stimuli. Unlike distraction, FA only requires 
participants to focus attention toward less emotional components of stimuli they are already 
interacting with. Hence, this difference may allow FA to be more appropriate than distraction for 
use in natural environments. 
 One way in which FA has been investigated more directly is by using externally-guided 
FA, wherein attention is guided to emotional or non-emotional aspects of stimuli, either by 
superimposing a circle over the target components of the image (Ferri, Schmidt, Hajcak, & 
Canli, 2013), or by blurring the non-target components of the image (Urry, 2010). These 
manipulations of FA decreased emotional response for the trials in which attention was diverted 
to non-emotional components. However, these studies did not include a memory component, and 
investigated the impact of externally-guided, rather than cued FA. To our knowledge, only one 
other study has directly explored the effects of cued FA on memory. Denkova, Dolcos, and 
Dolcos (2015) investigated the impact of cued FA on emotional autobiographical memory 
retrieval. Participants were shown cues corresponding to their own emotional autobiographical 
memories, and were asked to recall those cued memories under one of two conditions: 1) 
emotion focus - focusing on the most emotional aspects of each memory, or 2) context focus - 
focusing on the background, contextual, non-emotional aspects of each memory. In this study, 
FA was successful in attenuating the emotional experience of remembering emotional 
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autobiographical memories. While this evidence suggests that cued FA is beneficial in down-
regulating the effects of emotional memories during retrieval, it remains unclear whether cued 
FA may affect memory when engaged during encoding. Hence, this is one of the main goals of 
the present research. 
ER Effects on Relational Memory  
 One critical aspect of the memory-enhancing effect of emotion is that increased memory 
for emotional stimuli often comes at the expense of memory for neutral, contextual details 
(Easterbrook, 1959). For example, in the context of an armed robbery, eye-witnesses might have 
vivid memories for the robber’s weapon, but unreliable memory for the robber’s face (Loftus, 
Loftus, & Messo, 1987). Despite the potential for FA to help combat such effects, to our 
knowledge, there have been no investigations of FA effects on relational memory, or memory for 
the relationship between two stimuli or two stimulus components. However, there are several 
investigations on the impact of emotion on relational memory (see Chiu et al., 2013; Dolcos, 
Katsumi, Weymar, et al., 2017 for reviews). In general, it has been well-established that strong 
emotion, particularly negative emotion, leads to a narrowing of attentional focus toward the 
central aspects of stimuli (Easterbrook, 1959). This narrowing of focus contributes to increased 
memory for the emotional components, but decreased memory for the peripheral components of 
any stimulus. This long-standing finding was the basis for the “Object-Based Framework,” a 
theoretical framework positing that strong emotion enhances the consolidation of memory of an 
emotional item with its constituent features (Mather, 2007). This framework predicts enhanced 
relational memory for emotional items and the features of the emotional items, but impaired 
memory for associations between the emotional item and other distinct items. Another 
framework that has become popular in the last ten years is the Arousal-Biased Competition 
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(ABC) Theory (Mather & Sutherland, 2011). According to ABC theory, rather than simply 
increasing or decreasing memory for within-stimulus features, emotion compounds the effect of 
prioritization. Priority may be affected by bottom-up salience (e.g., emotional content) or top-
down goal-relevance. According to this theory, when emotional experience is elevated, high 
priority stimuli are more likely to be subsequently remembered. What emerges across all of the 
exiting theoretical frameworks, is that emotion can either result in increased or decreased 
memory for relationships (see Chiu et al., 2013 for a review). This is unlike the well-established 
memory-enhancing effect of emotion for items (Cahill & McGaugh, 1998; Dolcos, LaBar, & 
Cabeza, 2006) and their intrinsic associations (Mather, 2007), as discussed below. According to 
Chiu et al. (2013), one of the most robust determinants of whether emotion will impair or 
enhance relational memory is the type of relational memory being tested. Specifically, source 
memory (memory for an internal feature of an emotional stimulus, like its color, location, or 
order in a list) is consistently improved by emotion (D'Argembeau & Van der Linden, 2005; 
Doerksen & Shimamura, 2001; Mather & Nesmith, 2008; Schmidt, Patnaik, & Kensinger, 2011). 
Conversely, memory for the relationship between two dissociable items (i.e., word-word or 
picture-picture pairs) is consistently decreased by the presence of negative emotion. For 
example, in a study directly investigating item and associative memory for negative items and 
neutral backgrounds, Bisby and Burgess (2013) demonstrated in three separate manipulations 
that item memory was improved by the presence of negative emotion, but that the relationship 
between the emotional component and the neutral background was impaired. Madan, Caplan, 
Lau, and Fujiwara (2012) found a similar effect using cued recall of emotional and neutral word-
word pairs. It is important to note, however, that there are examples where emotion enhances 
memory for associations. For instance, memory for word associates (also measured with cued-
10 
 
recall) was increased by emotion, particularly after a delay (e.g., Kleinsmith & Kaplan, 1963), 
and the autobiographical memory literature is rich with such examples too, pointing to enhanced 
memory for contextual details about personal emotional events (Holland & Kensinger, 2010; 
Sarter & Markowitsch, 1985a, 1985b). This suggests that the enhancing effects of emotion on 
relational memory may result primarily from consolidation processes (McGaugh, 2004; Pierce & 
Kensinger, 2011). Based on these previous studies, we expect that in our manipulation of image 
FG and BG, emotion will enhance item memory but impair relational memory. Therefore, if BG 
Focus decreases emotional experience, it would also enhance relational memory performance for 
those stimuli. Similarly, if FG Focus exacerbates the attention-capturing effects of emotion, it 
would likely impair relational memory performance for those stimuli.  
 However, it is noteworthy that the way in which relational memory is conceptualized 
may change more than our interpretations of our data, but even our analyses themselves. For 
example, most studies of item and relational memory calculate relational memory in one way, 
i.e., relational memory is the number of trials that subjects got right for both relational and item 
memory, divided by the number of items they got right (Troyer et al., 2008). However, another 
way of conceptualizing relational memory is more consistent with how relational memory is 
conceptualized in the autobiographical memory literature: as a coherent memory for our life’s 
past events. In this conceptualization, we might calculate relational memory as: the number of 
trials that the subjects got right for both relational and item memory, divided by the total number 
of old images they saw. Based on this, we might expect for memory calculated in such a way to 
increase with strong emotion, the same way we expect increased autobiographical memory for 
emotional personal memories (Holland & Kensinger, 2010). This possibility will be explored in 
the current project by using two methods of calculating relational memory.  
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 Besides the obvious scientific and theoretical implications of this research for our 
understanding of emotional memory, there are also potential clinical implications of this work. In 
Post-Traumatic Stress Disorder (PTSD), decreased relational memory between the traumatic 
memory and the context of that trauma may contribute to the spontaneous remembering or re-
experiencing of the traumatic event, even when the patient is in an unrelated circumstance 
(Dolcos, 2013; Oyarzun & Packard, 2012). This effect could be linked to the increased initial 
arousal that enhances memory for individual, emotionally-relevant items, but decreased memory 
for relationships between those items and the context. This possibility is supported by evidence 
that people with PTSD demonstrate decreased overall performance on relational memory tasks, 
and decreased activation in the PFC during those tasks (Geuze, Vermetten, Ruf, de Kloet, & 
Westenberg, 2008).  If our manipulation is successful in decreasing emotional experience, and 
increasing relational memory, it may be specifically suited for combatting PTSD.  
Psychophysiological Evidence 
 While the mechanisms of cued FA are not yet clear, especially regarding subsequent 
memory, there are several studies that have investigated other forms of ER, including guided FA.  
In a study aimed directly at investigating attentional mechanisms of FA, Ferri et al. (2013) 
recorded eye-tracking and fMRI data as participants were prompted to look at arousing or non-
arousing aspects of images. When attention was diverted to non-arousing aspects of emotional 
images, participants rated their emotional experiences as lower than when their attention was 
diverted to arousing aspects. This was also associated with increased frontal and parietal activity, 
and decreased amygdala activity in these subjects. Another study, by Hajcak, Dunning, and Foti 
(2009), investigated cued FA with electroencephalography (EEG), and found attenuated Late 
Positive Potential (an event-related potential component associated with emotion processing) 
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after cuing participants to look toward less arousing parts of images. However, this study did not 
collect emotion ratings, nor did it include a memory component. Other eye-tracking studies have 
investigated spontaneous FA, particularly as it relates to the positivity effect in aging. For 
instance, Isaacowitz, Wadlinger, Goren, and Wilson (2006) found that older adults tended to 
look toward happy faces, while younger adults tended to look toward fearful faces. They 
interpret these results as evidence of attentional mechanisms of the positivity effect in aging. 
Importantly, Duque and Vazquez (2015) found an opposite effect in depressed patients. 
Compared to control participants, participants with major depressive disorder were more likely 
to spontaneously focus their attention on sad faces, whereas healthy controls were more likely to 
spontaneously focus on happy faces. Overall these findings are consistent with evidence from 
other studies using ER strategies. For example, in a study aimed at investigating the attentional 
mechanisms of reappraisal and suppression, Bebko, Franconeri, Ochsner, and Chiao (2011) 
demonstrated a relation between the amount of time participants looked at emotional aspects of 
images and their ratings of emotional experience, demonstrating the usefulness of eye-tracking in 
investigating these mechanisms. 
 While some studies have investigated the mechanisms of FA on immediate experience, to 
our knowledge there is only one study that has directly investigated cued FA and item memory. 
Denkova et al. (2015) investigated cued FA and autobiographical memory retrieval. They found 
that focusing on the non-emotional, contextual aspects of emotional autobiographical memories 
was associated with decreased amygdala activity, and increased activity in the ventromedial 
prefrontal cortex (vmPFC), an area associated with top-down, executive control. Other studies 
investigating ER on item memory have also found decreased activity in the amygdala, increased 
activity in frontal control regions, and differential impacts on MTL memory regions (Hartley & 
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Phelps, 2010; Hayes et al., 2010). To our knowledge, no study has investigated the 
psychophysiological mechanisms of cued FA on item memory encoding.  
 Although there is very little research on the mechanisms of FA and item memory 
encoding, there is a well-established literature on the mechanisms of emotional item memory in 
general (see Dolcos, Katsumi, Denkova, et al., 2017; McGaugh, 2004 for reviews). One of the 
most important components of this literature is the modulation hypothesis of emotional memory. 
The modulation hypothesis posits that amygdala activity modulates hippocampal activity, 
resulting in increased memory for emotional stimuli (Dolcos et al., 2004b; Packard, Cahill, & 
McGaugh, 1994). Interestingly, this mechanism is particularly robust in studies of negative 
emotion, whereas connections between the PFC and hippocampus may be more involved in 
memories of positive emotion (Ritchey, LaBar, & Cabeza, 2011). Because the current 
investigation centers on emotionally negative stimuli, it is likely that engaging cued FA to focus 
on the FG would exacerbate the impact of emotion on memory and therefore increase 
amygdala/hippocampal co-activation, whereas engaging cued FA to focus on the BG would 
likely decrease the impact of emotion on memory, and therefore decrease amygdala/hippocampal 
co-activation. It is also likely that the engagement of FA would involve activation of top-down 
control regions, consistent with other ER literature discussed above (i.e., Denkova et al., 2015; 
Ferri et al., 2013; Hartley & Phelps, 2010; Hayes et al., 2010). 
 Another important line of research in the emotional memory literature is the investigation 
of recollection-based versus familiarity-based retrieval. Recollection of a memory involves the 
experience of remembering specific, contextual details from when the memory was encoded, 
whereas familiarity involves a more vague sense of knowing the event occurred, but without 
specific memory for context (Dolcos et al., 2005; Tulving, 1985). Recollection is generally 
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associated with high confidence responses compared to low confidence familiarity responses 
(Wixted & Mickes, 2010), and has been suggested as a subjective measure of relational memory 
(Davachi, 2006). Recollection (often indicated with “Remember” responses in experimental 
manipulations) is associated with activation in the amygdala and hippocampus, whereas both 
familiarity (often indicated with “Know” responses in experimental manipulations) and 
recollection were associated with activity in the entorhinal cortex (Dolcos et al., 2005). 
 To our knowledge, there are no studies of the psychophysiological impact of FA on 
relational memory, despite the potential of this line of research to clarify ongoing debates in this 
literature. However, there are a number of studies investigating the psychophysiological impact 
of emotion on relational memory (see Dolcos, Katsumi, Weymar, et al., 2017 for a review). 
Successful encoding of relationships between emotional and neutral stimuli are associated with 
increased activity in the amygdala, hippocampus, and prefrontal cortex (Waring & Kensinger, 
2011), regions typically associated with emotion, memory, and executive function, respectively. 
Successful retrieval of words within emotional sentences was also associated with activity in 
those regions (Maratos, Dolan, Morris, Henson, & Rugg, 2001). Interestingly, this result may 
only be present for item-item relational memory, and not for source memory. Kensinger and 
Schacter (2006) demonstrated that amygdala activity was not associated with successful 
encoding of source information. This interesting finding presents more evidence of the 
dissociation between item-item relational memory, and source memory. Other research has also 
demonstrated a dissociation between regions of the prefrontal cortex and the two types of 
relational memory, with dorsolateral prefrontal cortex (dlPFC) activity associated with item-item 
relational memory (Blumenfeld, Parks, Yonelinas, & Ranganath, 2011; Murray & Ranganath, 
2007), and ventrolateral prefrontal cortex (vlPFC) activity associated with source memory 
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(Prince, Daselaar, & Cabeza, 2005).  To our knowledge, no published studies have investigated 
the role of FA in the subsequent relational memory for image FG-BG. Using eye-tracking, the 
current project begins to fill these gaps in the literature, as well as shed light on mechanisms by 
which these ER advantages may work. 
Current Study and Tested Hypotheses  
 The current study used eye-tracking to investigate the attentional mechanisms associated 
with immediate and long-term effects of FA on emotional experience and memory. Participants 
were cued to look at either the most emotionally-relevant aspects of negative images (FG Focus) 
or the contextual, non-emotional aspects (BG Focus), while eye-tracking was recorded. Then, 
approximately one week later, participants returned for a surprise memory test of both item and 
relational memory. Item memory was assessed using the Remember/Know paradigm, in order to 
evaluate recollection-based versus familiarity-based retrieval (Tulving, 1985; Wais, Mickes, & 
Wixted, 2008), and additionally as a subjective measure of relational memory (Davachi, 2006). 
Based on the extant literature, we tested the following hypotheses. Regarding the immediate 
effects of FA, (1) we expected that FA would be successful in reducing the subjective emotional 
experience of viewing negative emotional images, and that this will be accompanied by the 
subjects’ ability to (2) successfully engage FA, as measured by eye-tracking, with greater gaze-
time in target Interest Areas (IAs) than non-target IAs. Regarding the long-term effects of FA, 
(3) we expected to observe (A) decreased item memory for negative images encoded in the BG 
Focus condition, and that (B) the memory-enhancing effect of emotion by the FG Focus will be 
driven primarily by recollection-based responses. Regarding relational memory, (4) consistent 
with evidence from recent laboratory-based studies, we expect that (A) enhanced focus on 
emotion (FG Focus condition) impairs relational memory, and hence there will be increased 
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relational memory for negative images in the BG Focus condition. However, consistent with the 
autobiographical memory literature, we also explored the possibility that (B) emotional 
information enhances relational memory. Finally, (5) we also expected that eye-gaze patterns 







 Forty-five healthy individuals (25 female, Mean age=20.04 years, SD=0.50) participated 
in exchange for course credit or cash reimbursement.  All had normal or corrected-to-normal 
vision and were fluent English speakers. Of these, 31 individuals (20 female, M age= 20.19 
years, SD= 1.73) returned for the second visit, about one week (M=6.26 days, SD=1.14) later. 
This retention interval was selected because previous studies showed that this retention interval, 
in combination with presentation of stimuli in black and white, results in reasonable memory 
performance that avoids possible ceiling effects (typically associated with very short delays), 
while also allowing enough consolidation to make possible identification of enhancing effects of 
emotion on memory (Katsumi & Dolcos, 2018; Ritchey, Dolcos, & Cabeza, 2008; Shafer & 
Dolcos, 2014). This protocol was approved by the University of Illinois Institutional Review 
Board, and all participants provided written informed consent before the beginning of the study. 
Stimuli 
The stimulus set consisted of negative and neutral images selected from the International 
Affective Picture System (Lang, 2007), the Geneva Affective Picture Database (Dan-Glauser & 
Scherer, 2011), the Military Affective Picture System (Goodman, Katz, & Dretsch, 2016), and 
the Nencki Affective Picture System (Marchewka, Zurawski, Jednorog, & Grabowska, 2014). 
Additional neutral scenes were selected from domain-free online image databases for use as 
neutral BGs. Images were initially selected if they included obvious borders of FG components 
to allow for high-quality recombination with neutral background images. To ensure that the 
background of each image was visually interesting, and to allow for recombination in the 
relational memory task, the foregrounds (negative or neutral) of each image were juxtaposed 
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onto visually complex neutral backgrounds (See example image, figure 2). One-hundred eighty 
composite images were created. We ran a preliminary validation study with a separate set of 
participants (N=16, 6 female, M age= 19.31 years, SD= 1.26) on 9-point scales of valence 
(1=pleasant, through 9=negative) and arousal (1=low excitement, through 9=high excitement). 
From the original set of 180 validated images, 135 were selected that were comparable on the 
validation ratings for both measures. Of these 135, ninety images were negative (Valence 
M=2.40, SD=.82; Arousal M=5.01, SD=1.14), and 45 were neutral (Valence M=4.75, SD = .53; 
Arousal M=2.18, SD=.42). 
Comparisons between ratings of negative and neutral images revealed significant 
differences on both arousal (t133=15.94, p<.001) and valence (t133= -17.31, p<.001). Ninety 
images (60 negative and 30 neutral) were used for all manipulations, and 45 images (30 negative 
and 15 neutral) were reserved as foils in the memory task. For visit one, images were arranged 
into 5 blocks consisting of 18 trials each. Half of all images were preceded by a “Foreground 
Focus” cue, and half were preceded by a “Background Focus” cue. Cue-type for each image was 
counterbalanced across subjects. Block order was also counterbalanced across subjects. There 
were no significant differences in visual complexity (assessed by compressed file size), 
luminance or relative proportion of FG/BG across the blocks of trials, FG/BG or Old/New 
conditions, or emotional/neutral categories (see Table 1 for comparisons across these categories). 
Care was taken to balance human presence, animacy, and FG location (i.e., top, bottom, left, 




Table 1. Preliminary Results of Comparisons. Critically, the only comparisons with p values 
less than 0.05 were Negative and Neutral images on ratings of arousal and valence, where this 




Figure 2- Example Composite Images. Example of negative (left) and neutral (right) images 
used in the manipulation. Notably, the FG of each image was superimposed on a visually-
complex, emotionally neutral, BG image. Negative and neutral image FGs were matched by 
human/animal/object content, and FG location (top, bottom, left, right).   
 
Procedure  
At the beginning of the first visit, participants read and signed consent forms, filled out a 
prescreening questionnaire, and completed a short battery of neuropsychological evaluations. 
Participants were then given the task instructions and began the task. During the first visit, eye-
tracking was recorded while participants viewed a series of pictures – each in one of the two 
focus conditions – and rated their emotional experience for each. One week later, they returned 
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for a memory task, in which item memory was tested for image FGs, and relational memory was 
tested for FG-BG combinations.  
 Immediate Impact. At the beginning of each trial, participants viewed an instructional 
cue directing them to look at either the image FG or BG (see Task Diagram, figure 3). If the cue 
said “Foreground Focus,” participants were instructed to look at the component of the image that 
they considered to be the FG, or subject of the image (“FG Focus” trials). If the cue said 
“Background Focus,” participants were instructed to look at the BG, contextual aspects of the 
image (“BG Focus” trials). After viewing the instructional cue for 0.5 seconds, the composite 
image was presented on the computer screen for 4 seconds, while eye-tracking was recorded. 
Next, participants were shown an “Emotion Rating” screen for 2 seconds, which prompted them 
to rate their emotional experience while viewing the previous image in the cued condition. 
Specifically, they were instructed to “rate how negative looking at that particular picture in that 
particular way made you feel.” They entered their rating on a scale from 1 (not negative at all) to 
5 (very negative). Finally, the trial ended with an inter-trial interval of 2 seconds before the next 
trial began. Importantly, encoding was incidental, due to the greater effects of emotion on 
memory under incidental encoding conditions (Shafer & Dolcos, 2014). Upon completion of the 
first visit, participants were thanked for their participation, provided with resources should they 
feel any adverse reactions to the negative stimuli, reminded of their appointment for the second 




Figure 3. Immediate Impact task diagram. Participants were asked to view each image as 
cued by the preceding instruction screen. After viewing each image, participants rated their 
emotional experience on a 5-point scale from “not negative at all” to “very negative.”  
 
Long-Term Impact. To assess long-term impact of FA, participants returned for a 
surprise memory task approximately one week after the encoding task. Memory was tested in 
two ways, in order to investigate both item and relational memory. To test item memory, 
participants were shown an image FG – without a BG – and asked to decide if it was old or new. 
Test stimuli consisted of the previously-seen 90 image FGs (60 negative and 30 neutral), 
intermixed with 45 additional foils (30 negative and 15 neutral). Image foregrounds were 
presented for 4 seconds each, in black and white to avoid ceiling memory performance 
(Wichmann, Sharpe, & Gegenfurtner, 2002). Participants were instructed to look closely at each 
foreground and press a key to indicate “Remember,” “Know,” or “New.” “Remember” responses 
indicated that the participant remembered the image, vividly, with contextual details, whereas 
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“Know” responses indicated that the participant knew they had seen the image before, but did 
not recall specific contextual details (Kapur et al., 1994). “New” responses indicated that the 
image was new, they had never seen it before. Following their rating of Remember, Know, or 
New, participants were asked to rate their confidence in that judgment on a scale from 1 (not 
confident at all) to 3 (very confident). We elected to request confidence ratings on a scale from 1 
to 3 so that participants could use the same 3 keys for all responses in the second visit.  
 
Figure 4. Long-term task diagram. One week after the initial visit, participants returned for a 
surprise memory task, in which participants were instructed to view the image and make a 
judgement of Remember, Know or New, if they had seen the image in the previous session or 
not. Image foregrounds were displayed in grayscale to avoid ceiling memory performance. 
Relational memory options were displayed in color to avoid floor memory performance.  
If the image was new, there would be a 2-second inter-trial interval before the next trial 
began. If the image was old, the trial would continue with a test of relational memory. In the test 
of relational memory, participants were shown the FG with three different BGs (all previously 
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seen in the same focus condition), and were asked to indicate which FG-BG combination they 
had seen previously. Participants entered their answers by keypress: 1) left-most option, 2) center 
option, or 3) right-most option. The location of the correct combination was randomized across 
trials. Relational memory options were displayed in color to avoid floor memory performance. 
Following this judgement, participants were asked to rate their confidence in that judgement. 
Upon completion of the task, participants were debriefed, provided with resources should they 
feel any adverse reactions to the negative stimuli, and were granted course credit or cash 
reimbursement for their participation.  
Eye-Tracking Equipment 
 The eye-tracking apparatus used in this experiment was an SR Eye Link 1000, video-
based eye-tracking system connected to a 21-inch display monitor with a resolution of 1024 x 
768 pixels (See figure 5 for example setup). At the beginning of the experiment, participants 
entered the eye-tracking room and adjusted their position so that their eyes were level with the 
center of the screen, approximately 60 cm away from the monitor. Their heads were stabilized in 
a chin and forehead rest. Data were collected on the left eye of all participants. Participants 
performed nine-point calibration, and calibration was validated and re-calibrated until the error 
was within 2 degrees. Calibration procedures were repeated at least every-other block to ensure 
eye-tracking accuracy throughout the task. Stimuli were displayed using SR Research 
Experiment Builder (SR Research Ltd., Mississauga, Ontario, Canada). Participants input their 




Figure 5. Example of eye-tracking setup. Each participant was positioned in the chin and head 
rest to minimize movement, standardize viewing distance, and allow the eye-tracker to maintain 
focus on the eye. Height of the chin rest was adjusted so that each participant’s eyes were 
approximately level with the center of the monitor. Participants entered ratings with their right 
hands on the keyboard.  
Analytical Procedures: Behavioral 
Emotion Rating Analyses. Targeted analyses included comparisons of emotional ratings 
associated with the following conditions: Emotionality (negative or neutral) and Focus type (FG 
or BG). Planned analyses included a two-way, repeated-measures ANOVA, and paired samples 
t-tests, comparing within-subject ratings for those conditions.  
 Memory Data Analyses. Corrected item memory performance was calculated by 
subtracting the proportion of False Alarms (images a participant said were old, when in fact they 
were new foils) from the proportion of Hits (images correctly identified as old). This results in 
the memory scores used in analyses. This procedure was borrowed from similar work on 
memory performance (Kapur et al., 1994; Snodgrass & Corwin, 1988). Planned analyses 
included a two-way, repeated measures ANOVA, and paired samples t-tests. To assess the role 
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of Remember/Know response in memory, we also calculated corrected item memory 
performance scores for Remember and Know responses by subtracting the proportion of False 
Alarms from the proportion of Hits for each response type. Planned analyses included a 2 
(Emotionality, negative or neutral) x 2 (Focus Type, FG or BG) x 2 (Response Type, Remember 
or Know) ANOVA, and paired samples t-tests. 
 Relational memory performance was calculated in two ways. The first method was to 
calculate the proportion of relational memory hits that followed an item memory hit, divided by 
the number of item memory hit trials. This procedure was similar to the calculation of  
“Corrected Association Scores” by Troyer et al. (2008), and gave us a measure of relational 
memory performance, given item memory performance (D'Argembeau & Van der Linden, 2005; 
Doerksen & Shimamura, 2001). The second method of calculating relational memory 
performance was designed to provide a more holistic measure of overall memory performance, 
by calculating the proportion of relational memory hits following item memory hit, divided by 
the total number of old images. It is not clear if this analytic approach has been used before, as 
publishing specific scoring procedures is not universal.   
Analytical Procedures: Eye-Tracking 
Eye-Tracking Data Analyses. For the analysis of eye-tracking data, two interest areas 
(IAs) were defined for each image: the FG IA followed the photo-shopped edges of the image 
FG, and the BG IA was calculated by subtracting fixation percentage within the FG IA from the 
fixation percentage within the entire image (see figure 6 for example images with IAs defined).  
Eye-tracking performance was calculated by bulk fixation percentage within the FG or BG IAs 
for the duration of the image presentation (4 seconds), using SR Research Data Viewer (SR 
Research Ltd., Mississauga, Ontario, Canada). Planned analyses included two separate, two-way 
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repeated measures ANOVAs and paired samples t-tests. The target comparisons were between 
fixation percentage in the FG IA in FG Focus compared to BG Focus trials (paired-samples t-
test), and between fixation percentage in the BG IA in BG Focus compared to FG Focus trials.  
 
Figure 6. Example Composite Images with IAs Visible. IAs (shown above as orange outlines) 
were drawn around the photo-shopped edges of the image FG, and around the image border. IAs 
were not visible to participants during the task. 
 
Regression Analyses. Differential eye-tracking performance scores were calculated by 
subtracting fixation percentage within the non-target IA from the fixation percentage within the 
target IA during both FG and BG Focus trials. This subtraction resulted in a differential eye-
tracking score to represent the degree of success each participant had in performing the attention 
manipulation task, over the entire duration of the image presentation. For example, eye-tracking 
performance for FG Focus trials was calculated by subtracting the fixation percentage within the 
BG (non-target) IA from the fixation percentage within the FG (target) IA. Planned analyses 
included 16 regression analyses: four for Emotional Experience (emotional and neutral images, 
in FG and BG Focus conditions), four for Item Memory performance, and eight for relational 
memory (four each for the two statistical approaches). All regression analyses included eye-
tracking performance scores as independent and either emotion ratings or memory scores as 




Immediate Effects: Emotional Ratings 
 Confirming the first hypothesis, BG Focus resulted in decreased ratings of emotional 
experience (see Figure 7). A two-way ANOVA revealed a main effect of Focus Type 
(F1,44=19.60, p<.001), and post-hoc comparisons revealed that this effect was driven by 
emotional images: emotional images viewed in the BG focus condition (M=2.39, SD=1.03) were 
rated significantly less negative than emotional images viewed in the FG focus condition 
(M=3.69, SD=.76, t44=8.75, p<.001), whereas there was no difference between emotional ratings 
for neutral images viewed in FG (M= 1.39, SD= .06) or BG Focus conditions (M= 1.37, SD= 
.06; t44=.62, p=.54). This effect was further confirmed by the significant interaction between 
Focus Type (FG versus BG) and Emotionality (Emotional versus Neutral; F1,44=76.56, p<.001); 
BG focus reduced emotional experience in negative images but not neutral ones. There was also 
a main effect of Emotionality (F1,44=351.266, p<.001). Despite the attention manipulation and its 
significant effect on emotional images, emotional images seen in the BG focus condition were 





Figure 7. Ratings of emotional experience. Ratings were highest for emotional images seen in 
the FG Focus condition, lower for emotional images seen in the BG Focus condition, and lower 
still for neutral images in both conditions. Although Focus Type was associated with greater 
differences in emotion ratings for emotional images, there was no difference in the neutral 
images between FG and BG Focus conditions. Error bars indicate standard error of the mean for 
each condition, in this and all following figures where error bars are present. ***p < .001.   
 
 
Immediate Effects: Eye-Tracking 
 Consistent with the second hypothesis, participants were successful at diverting attention 
to the target IA. To account for the inter-dependence of the gaze proportion within the FG or BG 
IAs, two separate, two-way ANOVAs were run, one on data from the FG IAs (shown in Figure 8 
in red), and one on data from the BG IAs (shown in Figure 8 in blue). Both two-way ANOVAs 
revealed significant main effects of the attention manipulation (FG IA: F1, 43 = 902.90, p<.001; 
BG IA: F1, 43 = 944.11, p<.001); participants were successful at looking within the target IA (FG 
IA: M= .87, SD= .01; BG IA: M= .72, SD= .02) for a significantly greater proportion of the trial 
than they looked within the non-target IA (FG IA: M= .11, SD= .01, t43= 27.77, p<.001; BG IA: 
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M= .24, SD= .02, t43= -29.12, p<.001). Unexpectedly, participants were more successful at BG 
Focus for neutral compared to emotional images, as revealed by the main effect of emotionality 
(FG IA: F1, 43 = 8.34, p=.006; BG IA: F1, 43 = 6.36, p=.015). Post-hoc comparisons indicated that 
during BG Focus trials, participants looked at the FG IA significantly more in the emotional 
images (M= .24, SD= .02) compared to the neutral images (M= .21, SD= .01, t43= 4.45, p<.001), 
and during BG Focus trials participants looked more in the BG IA in neutral images (M= .76, 
SD= .02) compared to emotional images (M= .73, SD= .02, t43= -4.25, p<.001). This effect was 
also reflected in the significant interaction between Focus Type and Emotionality (FG IA: F1, 43 = 
10.42, p=0.002; BG IA: F1, 43 = 13.14, p=.001). Pairwise comparisons revealed that the attention 
divergence in FG compared to BG Focus trials was greater for neutral images (FG IA: M= .66, 
SD= .03; BG IA: M= -.64, SD=.03) compared to emotional images (FG IA: M= .62, SD= .03, 
t43= -3.23, p=.002; BG IA: M= -.60, SD= .025, t43= 3.63, p=.001), implying that the attentional 





Figure 8. Eye-Tracking Results. Red bars (left) represent analyses done on FA IA fixations, 
and blue bars (right) represent analyses done on BG IA fixations. Participants were successful in 
directing their gaze toward target components of images. However, this effect was slightly 
greater for neutral images compared to emotional images. ***p < .001.   
 
Long-Term Effects: Memory Performance 
 Item Memory. Consistent with hypothesis 3A, BG Focus conditions were successful in 
decreasing emotional experience. A two-way ANOVA revealed a main effect of Focus Type (F1, 
30 =61.97, p<.001), where memory performance for images learned in the BG Focus condition 
was significantly reduced (M= .47, SD= .21) compared memory performance for images learned 
in the FG Focus condition (M=.23, SD= .17; t30= 5.63, p<.001). Although there was also a main 
effect of Emotionality (F1, 30 = 31.71, p<.001), where memory performance was significantly 
enhanced for emotional images (M= .43, SD= .19) compared to neutral images (M= .27, SD= 
.23; t30= 7.87, p<.001), it is noteworthy that memory for emotional images in the BG Focus 
condition (M= .32, SD= .03) was decreased to the level of neutral images in the FG Focus 
condition (M= .40, SD= .04, t30= 6.77, p= .128), and in fact the mean was numerically lower. 
There was no interaction between Focus Type and Emotionality (F1, 30 =.769, p=.39). Post-hoc 
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comparisons revealed that memory for FG Focus emotional images (M= .54, SD= .03) was 
significantly better than memory for both BG Focus emotional images (M= .32, SD= .03, t30= 
8.61, p<.001) and FG Focus neutral images (M= .40, SD= .04, t30= 3.94, p<.001). 
 
Figure 9. Item Memory Results. BG Focus condition reduced memory for both emotional and 
neutral images. Overall, emotional images were remembered better than neutral images, although 
memory for emotional images was decreased in the BG Focus condition to statistically similar 
levels as memory for neutral images in the FG Focus condition. Focus Type had a similar effect 
on memory for both negative and neutral images.  ***p < .001.   
 
 Consistent with hypothesis 3B, when responses were broken down by Response Type 
(Remember versus Know), it became clear that the effect described above, namely that memory 
was better for FG compared to BG Focus, was driven primarily by recollection-based responses 
(see Figure 10). A 2x2x2, repeated measures ANOVA revealed a main effect of Response Type 
(F1,30= 14.12, p= .001): Remember responses were associated with higher memory performance 
(M= .22, SD= .09) than Know responses (M= .10, SD= .14; t30= 3.75, p= .001). Relatedly, 
pairwise comparisons revealed that the main effect of Emotionality (F1,30= 27.65, p<.001), where 
memory for emotional images was improved (M= .21, SD= .06) compared to neutral images 
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(M= .14, SD= .08, t30= 5.26, p<.001), was significant for Remember responses (t30= 2.06, 
p=.048) but not for Know responses (t30= -1.06, p= .298). Similarly, pair-wise comparisons 
revealed that the main effect of Focus Type (F1,30= 61.97, p<.001), where images learned in the 
BG Focus condition were remembered less (M= .11, SD= .05) than images learned in the FG 
Focus condition (M= .24, SD= .09; t30= 7.87, p< .001), was also significant for Remember 
responses (t30= 7.76, p< .001) but not for Know responses (t30= .82, p= .419). These results were 
reflected in the significant 2-way interactions between Emotionality and Response Type (F1,30= 
9.86, p=.004), and between Focus Type and Response Type (F1,30= 11.34, p=.002). Pairwise 
comparisons revealed that the effects of emotion were greater for Remember (M= .15, SD= .13) 
than Know responses (M= .01, SD= .17; t30= 3.14, p= .004), and that the effects of Focus Type 
were also greater for Remember (M= .22, SD= .18) than Know responses (M= .03, SD= .17; t30= 
3.37, p= .002). There was no 2-way interaction between Emotionality and Focus Type (F1,30= 
.77, p=.39), and no significant 3-way interaction (F1,30= 2.07, p=.16).  
 
Figure 10. Item Memory Results, Remember/Know. Recollection-based retrieval drives the 
difference in memory result between FG and BG Focus conditions, whereas there are no 




 Relational Memory. Consistent with hypothesis 4A, relational memory for emotional 
FG-BG combinations was improved for BG Focus conditions, when relational memory 
performance was calculated in the traditional way (i.e., a score was created for relational 
memory hits following item hits, divided by the total number of item hits). Although the 
interaction between Emotionality and Focus Type did not reach statistical significance (F1, 28= 
3.29, p=.105), we believed that the low p value suggested a trend that might be clarified with 
post-hoc comparisons. Pairwise comparisons revealed that relational memory for emotional 
images was significantly better in the BG Focus condition (M=.57, SD=.13) compared to the FG 
focus condition (M=.51, SD=.12, t28=-2.989, p=.006), and no significant difference for neutral 
images (t28=1.014, p=.319). There were no significant main effects of Emotionality (F1, 28= 2.28, 
p=.909) or Focus Type (F1, 28= 0.01, p=.930). 
 
Figure 11. Relational Memory Results 1. Images viewed in the BG Focus Condition were 
remembered significantly better than those images viewed in the FG focus condition. This was 
true for Emotional images but not for Neutral images, although the interaction was not 




 The second way in which relational memory was calculated was for relational memory 
hits following item hits, divided by the total number of old trials. Consistent with hypothesis 4B, 
when memory was calculated in this, more holistic way, emotion seemed to enhance relational 
memory. A two-way ANOVA revealed a main effect of Focus Type (F1, 28 = 45.33, p<.001), 
where memory for images in the FG Focus condition were remembered better (M=.39, SD=.13) 
than images in the BG Focus Condition (M=.27, SD=.11), consistent with the memory-
enhancing effect of emotion. There was also a main effect of Emotionality (F1, 28 = 9.80, p=.004), 
where memory was enhanced for emotional images (M=.37, SD=.11) compared to neutral 
images (M=.30, SD=.15). There was no significant interaction between Focus type and 
Emotionality (F1, 28 =3.36, p=.077). This pattern of results indicates that strong emotion in this 
case may improve relational memory, as relational memory performance is lower for images 
seen in the BG Focus condition, where emotion ratings were lower. Importantly, relational 
memory performance calculated in these two different ways seem to reveal opposite results. In 
one case, strong emotion seemed to impair relational memory, and in the other it seemed to 




Figure 12. Relational Memory Results 2. Images viewed in the BG Focus Condition were 
remembered significantly worse than those images viewed in the FG focus condition. This was 
true for both emotional and neutral images. Overall performance was better for emotional images 
compared to neutral images. ***p < .001, **p<.01 
 
Regression Analyses 
 Interestingly, eye-gaze patterns did not predict emotional experience, item memory 
performance, or relational memory performance (see Figure 13), which was not consistent with 
the fifth hypothesis. Regression analyses using eye-tracking performance did not significantly 
predict emotional experience for emotional images in the FG focus condition (F1, 43=.65, p=.80, 
R= .04) or BG Focus condition (F1, 43=.02, p=.89, R= .021), or neutral images in the FG Focus 
condition (F1, 43= 1.29, p=.26, R= .17) or BG Focus condition (F1, 43= .072, p=.79, R= .04). This 
implies that, when calculated and analyzed this way, individual differences in eye-tracking task 
performance did not significantly contribute to individual differences in emotional experience. 
However, it is possible that more sophisticated regression analyses may provide different results. 
This possibility will be discussed further in the discussion, below. 
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 Regression analyses using eye-tracking performance also failed to predict item memory 
for emotional images learned in the FG Focus condition (F1, 29=1.31, p=.26, R= .21), BG Focus 
condition (F1, 29=.37, p=.55, R= .11), neutral images learned in the FG Focus condition (F1, 
29=2.25, p=.14, R= .27) and BG Focus condition (F1, 29=.05, p=.82, R= .04). This implies that 
individual differences in task performance, as measured by eye-tracking, did not contribute to 
individual differences in item memory.  
 Regression analyses using eye-tracking performance also failed to predict relational 
memory, calculated in both ways. For relational memory hits following item hits, eye-tracking 
performance failed to predict memory for emotional images learned in the FG Focus condition 
(F1, 27=1.9, p=.184, R= .26), BG Focus condition (F1, 27=.93, p=.344, R= .19), neutral images 
learned in the FG Focus condition (F1, 27=.032, p=.859, R= .035) and BG Focus condition (F1, 27= 
1.37, p=.253, R= .22). For relational memory hits following item hits divided by total possible 
performance, eye-tracking performance failed to predict memory for emotional images learned in 
the FG Focus condition (F1, 27= 1.05, p=.315, R= .197), BG Focus condition (F1, 27= .21, p=.65, 
R= .09), and neutral images learned in the BG Focus condition (F1, 27= .32, p=.58, R= .11). These 
results imply that individual differences in task performance do not significantly predict 
relational memory task performance. Notably, eye-tracking performance showed a trend toward 
predicting relational memory (divided by total old trials) for neutral images learned in the FG 





Figure 13. Regression Analysis results. Task performance, measured by eye-tracking, did not 
predict emotional experience ratings, item memory performance, or relational memory 
performance, when calculated in this way. Notably, when outliers are removed in accordance 
with interquartile range elimination (values more extreme than +/- 1.5 x [Interquartile range]), 
these regressions remain non-significant. Interestingly, even though the regressions were not 
statistically significant, the trendlines did generally slope in the predicted directions. (Figure 13 











 The primary goals of the current project were to determine the immediate and long-term 
impact of FA as an ER strategy, identify the associated eye-tracking mechanisms, and shed light 
on the impact of emotion on various forms of memory. This study provides supporting evidence 
that FA is an effective ER strategy; focusing away from the emotional parts of stimuli 
successfully reduced the impact of negative stimuli, reduced item memory for those negative 
stimuli, increased relational memory for negative stimuli, and resulted in differential eye-gaze 
patterns consistent with successful engagement of this ER strategy. To our knowledge, no other 
study has investigated the role of cued FA on emotional experience and item memory, 
investigated any form of FA on emotional relational memory, or investigated the overt 
attentional mechanisms of cued FA and the relationship between overt attention and the 
immediate and long-term impact of cued FA.  
Immediate Impact 
 The results of the present investigation indicated reduced emotional experience when 
participants were cued to look away from the most emotional parts of emotional images. This 
finding is consistent with our predictions, and with previous research on attentional deployment 
(Sheppes & Meiran, 2007; Wadlinger & Isaacowitz, 2011). This finding provides strong support 
for the effectiveness of attentional deployment as ER, and novel evidence of the efficacy of the 
more specific, cued FA, as an ER strategy. While BG Focus did not decrease ratings to the level 
of neutral images, it did result in a significant reduction in emotional experience. Because 
processing emotional visual information happens so quickly (Kawasaki et al., 2001; Pessoa, 
2005), it is possible that the increased emotion ratings for BG Focus emotional images may be a 
result of the early and automatic processing of emotional stimuli before participants were able to 
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avert their gaze to the image BG. For example, Dolcos and Cabeza (2002) found that 
centroparietal EEG electrodes recorded greater activity for subsequently remembered emotional 
pictures between 400 and 600 milliseconds, suggesting that emotional (compared to neutral) 
images have privileged access to processing resources, even very early in stimulus presentation. 
In a study more closely-related to the current manipulation, Hajcak et al. (2009)  investigated 
how the late positive potential (LPP) changes when FA is cued mid-trial by a tone. They found 
that before the FA cue, the LPP became reliably larger for emotional compared to neutral 
stimuli, as early as 160 milliseconds after stimulus onset. While engaging FA did consistently 
attenuate the LPP, it only did so 620 milliseconds after the attention cue. This evidence suggests 
that while cued FA is effective at decreasing electroencephalographic activity related to viewing 
negative images, there is an apparent lag between the beginning of the LPP and the beginning of 
the modulation by FA. It is possible that this lag is responsible for the increased emotion rating 
for BG Focus emotional images compared to neutral images in the present investigation.  
Long-Term Impact 
Item Memory 
In addition to successfully decreasing emotional impact of negative images, BG Focus 
was also effective in decreasing item memory for those images. This is consistent with previous 
work on distraction, divided attention, and guided FA (Pottage & Schaefer, 2012; Sheppes & 
Meiran, 2007). In fact, memory for emotional images learned in the BG Focus condition were 
brought down to the level of memory for neutral images in the FG Focus condition. Because of 
the memory-related features of clinical conditions such as depression (Lupien et al., 2009; Pohl 
et al., 2007), anxiety disorders, PTSD, and obsessive-compulsive disorder (DSM 5, American 
Psychiatric Association, 2013), the current project may be an important first-step in optimizing 
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FA for use in preventing or minimizing the impact of these disorders. These results are 
particularly promising when interpreted in conjunction with the evidence from Denkova et al. 
(2015) that engaging FA during recall of emotional autobiographical memories was successful in 
decreasing the emotional impact of those memories. Taken together, these results indicate the 
usefulness of FA as an ER strategy when engaged at encoding and during retrieval.  
Interestingly, when the results of the memory investigation were broken down by 
response type, it became clear that the memory effects described above are driven largely by 
recollection-based, Remember responses. In fact, trials where participants entered Know 
responses did not differ in terms of image valence or attention manipulation. This is consistent 
with evidence that a subjective sense of recollection (as measured by Remember responses) is 
associated with increased memory for emotional stimuli (Rimmele, Davachi, Petrov, Dougal, & 
Phelps, 2011; Sharot & Yonelinas, 2008). However, Rimmele et al. (2011) also found that, while 
Remember responses were associated with increased item memory for emotional scenes, they 
were also associated with worse performance on tests of memory for contextual details of 
negative scenes. Sharot and Yonelinas (2008) demonstrated that this effect only seems to occur 
after a 24-hour delay. It is possible that the results of the present project reflect the effects of 
even greater delays. In an investigation of a 1-year delay on recollection versus familiarity-based 
retrieval, Dolcos et al. (2005) found results very similar to those of the current project: enhanced 
item memory for emotional stimuli is driven by recollection-based processes.  
Relational Memory 
 Regarding memory for the FG-BG combinations, we expected BG Focus conditions to 
help participants make a more complete representation of emotional images than FG Focus 
conditions. Consistent with this supposition, and with the evidence that similar manipulations 
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found impaired relational memory for emotional stimuli (Bisby & Burgess, 2013; Madan et al., 
2012), we expected that focusing on the BG of an emotional image would improve relational 
memory for those images, even while impairing item memory for the same stimulus. Consistent 
with this prediction, relational memory performance was enhanced for emotional images in the 
BG Focus condition. It is possible that this effect is due to BG Focus conditions causing 
participants to engage with components of the image that they otherwise would not have, and 
therefore causing participants to create a more complete mnemonic representation of the entire 
stimulus. This is particularly compelling, given the well-established finding that strong emotion, 
particularly negative emotion, leads to a narrowing of attentional focus toward the central aspects 
of stimuli (Easterbrook, 1959). Another complementary possibility is that strong emotion in this 
case impaired relational memory, as suggested by the evidence that relational memory 
performance was worse for images learned in the FG Focus condition, where emotional ratings 
were also higher.  
 Interestingly, the aforementioned result was only present when we calculated relational 
memory in one typical way. However, the opposite pattern of result was found when we used a 
different denominator for the proportion of correct responses (all possible responses, rather than 
only correct responses). This pattern of results seems to indicate that strong emotion may 
improve relational memory, as suggested by the evidence that relational memory performance 
was better for images learned in the FG Focus condition, where emotion ratings were also 
higher. We find these seemingly contradictory results to be particularly interesting given the 
status of the emotional relational literature (see Dolcos, Katsumi, Weymar, et al., 2017 for a 
review). However, this result is consistent with the conceptualization of memory found in the 
autobiographical memory literature, where autobiographical memories (cohesive memories for 
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past life events) are strengthened by the presence of strong emotion (Holland & Kensinger, 
2010). We believe that these results may provide reconciling evidence between some of the 
contradictory findings in the emotional relational memory literature. 
Mechanisms 
 The differences in gaze time in each IA as a result of condition demonstrate that 
participants were successful in following cues to engage FA. Interestingly, look-time in the FG 
IA was greater for emotional images than for neutral images. We believe this reflects the 
tendency for emotional stimuli to capture our attention automatically; it takes more effort to 
disengage from strongly emotional stimulus components than it takes to disengage from the FGs 
of neutral images. These attentional control effects are likely linked to brain regions associated 
with attentional control, such as the prefrontal cortex and parietal areas (Ferri et al., 2013; Ferri, 
Schmidt, Hajcak, & Canli, 2016; Schall, 2004). The immediate neural impact associated with 
this top-down control would likely result in decreased amygdala activation in BG Focus trials, 
correlated with decreased emotional response on those trials (Ferri et al., 2013, 2016; Schall, 
2004). Immediate impact would likely also be associated with modulated LPP, consistent with 
the findings of Hajcak et al. (2009) in their investigation of the ERP components of cued FA.  
 Given the neural mechanisms of emotional item memory introduced above, the long-term 
impact of diminished memory for images encoded in BG Focus conditions would likely be 
associated with decreased connectivity between the amygdala and MTL memory regions 
(Dolcos, LaBar, & Cabeza, 2004a; Goldin, McRae, Ramel, & Gross, 2008; McGaugh, 2002), 
and increased activation of the PFC (Denkova et al., 2015; Ferri et al., 2013; Hartley & Phelps, 
2010; Hayes et al., 2010; Ritchey et al., 2011). The inverse is likely true for FG Focus trials; if 
FG Focus exacerbates the automatic routing of attention to negative stimulus components, it is 
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likely that FG Focus trials would be associated with increased amygdala modulation of 
hippocampal activity, commensurate with the identified increased memory for FG Focus stimuli 
(Dolcos et al., 2004b; Packard et al., 1994). This prediction is also consistent with the result that 
FG Focus trials had a relatively higher frequency of Remember responses compared to BG Focus 
trials, and recollection is also associated with activation in the amygdala and hippocampus 
(Dolcos et al., 2005). 
 Regarding the effects on relational memory, successful encoding of relational 
information has been associated with activity in the dlPFC and the hippocampus (Blumenfeld et 
al., 2011; Giovanello, Schnyer, & Verfaellie, 2004; Murray & Ranganath, 2007).  Interestingly, 
dlPFC activity may be specific to item-item relational memory, where activity in the 
ventrolateral prefrontal cortex (vlPFC) may be specific to source memory (Prince et al., 2005). 
Other studies have found evidence that, where dlPFC activity is associated with relational 
memory encoding, vlPFC may be more closely associated with item memory (see Mitchell & 
Johnson, 2009 for a review). Finally, successful encoding of relationships between emotional 
and neutral stimuli has been associated with increased activity in the amygdala, hippocampus, 
and prefrontal cortex (Waring & Kensinger, 2011). Successful retrieval of words within 
emotional sentences was also associated with activity in those regions (Maratos et al., 2001).  
 Although eye-tracking patterns paralleled both emotion rating results and memory results 
at the level of averages, individual differences in eye-tracking performance did not predict 
greater or lesser effects on emotional experience or memory, which was inconsistent with our 
prediction. It is possible that this reflects a quality of FA – that without much variation, the act of 
engaging in this ER strategy has an impact on immediate and long-term experience. However, it 
is important to reiterate that the regressions described in this study were somewhat coarse 
45 
 
analyses of eye-tracking performance across the entire span of stimulus presentation. Therefore, 
it is also likely that the null findings here reflect the lack of specificity in the analyses. 
Specifically, it is possible that dissociating individual differences in the speed with which 
participants shift focus to the target IA may more reliably predict individual variation in 
performance. This is particularly worthy of investigation, given the early and automatic diversion 
of attention toward emotional stimuli (Dolcos & Cabeza, 2002; Hajcak et al., 2009). Individual 
differences in the ability to counteract the automatic routing of attention is likely linked to 
individual emotional experience and memory performance. 
Broader Impacts 
 This research is motivated largely by potential benefits to two target populations. The 
first target population is students, who may capitalize on improving their ER abilities to enhance 
their learning experiences (e.g. improve memory for course material) while maintaining 
emotional health. This is particularly important given the growing concern regarding a decline in 
resilience among college students (Hunt & Eisenberg, 2010). This decline in resilience may be 
related to impaired ER abilities, and therefore may be lessened by improvements in ER training. 
The second target population is clinical groups with disorders characterized by maladaptive 
emotion-memory interactions, such as anxiety, depression and PTSD. Relational memory is 
particularly important in this context, as evidence suggests that PTSD patients may have a 
diminished ability to use contextual information to decrease fear reactions (Garfinkel et al., 
2014). Relational memory may also be particularly important in this context because, in general, 
PTSD is associated with increased gist-based encoding (i.e., intact memory for general meaning, 
but decreased memory for specific, contextual details), which may be reflective of overall 
diminished contextual memory (see Dolcos, 2013 for a review). With mental health being one of 
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the greatest public health issues of our time, affecting as many as 43.8 million adults in the US in 
their lifetimes ("National Insitute of Mental Health: Prevalence. Accessed Dec 7, 2015,"), the 
goal of contributing to the emotional and mental well-being of the population is an urgent one.  
Limitations and Future Directions 
 There are several unanswered questions that future studies should investigate. First, while 
this project demonstrates that looking away from negative stimuli decreases the memory for 
those images, there is some evidence that it may increase the emotional impact of those images 
upon subsequent viewings (Kross & Ayduk, 2008). The current experiments measured long-term 
impact by assessing memory for the emotional stimuli, but did not include measures for 
emotional impact (i.e., ratings of emotional experience) on the second visit. Future studies could 
include a rating of emotional impact both when stimuli are first viewed and again at subsequent 
viewings, to investigate how repeated exposure changes emotional experience and, to fully 
explore the long-term impact of FA. Second, the preliminary validation study used to validate the 
images used in this project involved only 16 subjects. Future work should boost this N to rule out 
any possible confounds across conditions. Third, future studies should more thoroughly explore 
the impact of timing of eye-gaze on immediate and long-term impacts of FA, particularly as it 
pertains to individual differences. It is possible that individual variation in the time-course of 
disengagement from the image FG early in stimulus presentation may predict immediate and 
long-term effects, where averages over the entire 4-second image presentation failed.  
 Related to this, very preliminary time-course analyses on the data from the present study 
demonstrate that eye-gaze within the FG IA stabilizes for both conditions (FG and BG Focus) 
within approximately 1000 milliseconds (see figure 14). Given the previously-discussed 
evidence that EEG activity within 600 milliseconds predicts subsequent memory for emotional 
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stimuli (Dolcos & Cabeza, 2002), this temporal difference may be at least partially responsible 
for the increased emotion ratings for BG Focus emotional images compared to neutral images. 
Future analyses should continue to investigate the effect of time-course of eye-movements on 
emotional ratings, particularly if individual differences in temporal gaze-shifting predicts ratings 
of emotional experience. For example, it is possible that the earlier a participant removes their 
attention from the FG IA, the lower their emotion ratings will be. Future work should investigate 
this possibility.  
 
Figure 14. Preliminary Time-course Data from the Current Investigation. The preliminary 
time-course data shown here were calculated from fixation percentages within the FG IA only. 
Notably, fixation percentages for each condition (FG and BG Focus) seem to level-out at 
approximately 1000 milliseconds. 
 
 Future studies should also investigate individual differences in other measures and their 
relation to task performance. For example, pupilometry as a measure of individual differences in 
arousal, or individual differences in eye-tracking and the Subsequent Memory Effect (Sanquist, 
Rohrbaugh, Syndulko, & Lindsley, 1980). Finally, next steps should involve investigating neural 
mechanisms by which FA works as an ER strategy. As the field continues to elucidate the neural 
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underpinnings of emotional distraction (Iordan & Dolcos, 2017), rumination (Siegle, Steinhauer, 
Thase, Stenger, & Carter, 2002), and psychological disorders (Leppanen, 2006; Porto et al., 
2009; Soares & Mann, 1997), it is imperative that we use this research to optimize techniques to 
promote emotional and psychological health. 
Conclusions 
 This project provides robust and novel evidence that FA is a successful ER strategy both 
in the immediate impact of emotional experience, as well as in the long-term impact on item and 
relational memory. Consistent with previous research on guided FA and Distraction, cuing 
participants to look at the BG of emotional images decreased their immediate emotional 
experience compared to cuing them to look at the image FG (Sheppes & Meiran, 2007; 
Wadlinger & Isaacowitz, 2011). Eye-tracking demonstrated that participants were successful in 
engaging in FA for both emotional and neutral images, as measured by increased fixation within 
the target IA compared to the non-target IA. Notably, these effects were greater for neutral than 
emotional images, possibly due to the automatic routing of attention toward emotional stimuli 
(Kawasaki et al., 2001; Pessoa, 2005). Cuing participants to look at the BG of images also 
decreased item memory for those images, consistent with similar research (Ferri et al., 2013; 
Pottage & Schaefer, 2012; Sheppes & Meiran, 2007; Urry, 2010). Conversely, engaging in FG 
Focus conditions decreased relational memory, consistent with the effect of strong emotion 
hindering relational memory (Bisby & Burgess, 2013; Chiu et al., 2013; Dolcos, Katsumi, 
Weymar, et al., 2017; Madan et al., 2012). Interestingly, this effect occurred in the context of 
overall more emotional items being successfully retrieved together with their associated BG 
contexts. Together, these results indicate both the promise of FA as an ER strategy, as well as 
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